Bushfire survival plans are a valuable tool for residents living in fire-prone landscapes. Plans include assigning trigger points for action, roles for all household members, and alternate approaches should the original plan fail. Fire agencies advocate that residents write, practise and discuss these plans before the fire season. In this study we use a multiple-methods approach to examine the theoretical and actual application of bushfire survival plans in south-east Australia. First, we review agency advice regarding survival plans to determine the consistency, clarity and specificity of the advice. Second, an online survey of residents examines the relationships between types of plans, with the planned action during a wildfire, gender and past experience with fire. Finally, semi-structured interviews with residents who have experienced wildfire examine the reality of decision-making, triggers used for actions and the role of survival plans. The study concludes that: a) fire agencies provide clear and concise information around survival plans despite some variation between states; b) preparation of survival plans is limited by the same range of factors that limit the extent of overall wildfire preparedness; and c) without a written, discussed and practised plan, decision-making during a wildfire may be impaired with potentially fatal consequences. Wildfire survival plans are a valuable tool for residents living in fire-prone landscapes. Plans include 15 assigning trigger points for action, roles for all household members, and alternate approaches should 16 the original plan fail. Fire agencies advocate that residents write, practice and discuss these plans 17 before the fire season. In this study we use a multiple-methods approach to examine the theoretical 18 and actual application of wildfire survival plans in southeast Australia. First, we review agency advice 19 regarding survival plans to determine the consistency, clarity and specificity of the advice. Secondly, 20 an online survey of residents examines the relationships between types of plans, with the planned 21 action during a bushfire, gender and past experience with fire. Finally, semi-structured interviews 22 with residents who have experienced wildfire examine the reality of decision-making, triggers used 23 for actions and the role of survival plans. The study concludes that: a) fire agencies provide clear and 24 concise information around survival plans despite some variation between states; b) preparation of 25 survival plans is limited by the same range of factors that limit the extent of overall wildfire 26 preparedness; and c) without a written, discussed and practiced plan, decision-making during a 27 bushfire may be impaired with potentially fatal consequences. 28
Introduction 39
The continuing growth of housing developments at the wildland-urban interface and the increasing 40 occurrence of extreme fire weather have resulted in an increasing number of residents being exposed 41 to wildfire (Gibbons et al. 2012 ; Syphard et al. 2012; Gill et al. 2013 ). While fire management 42 agencies attempt to reduce the impact of wildfire on residents through preventative (e.g. fuel 43 treatments) and responsive (e.g. fire suppression) actions, they cannot prevent all wildfires from 44 causing harm to life and property (Gill and Stephens 2009 ). When exposed to wildfire, residents can 45 reduce the probability of house loss and increase the probability of survival by being well prepared 46 (Wilson and Ferguson 1986; Blanchi and Leonard 2008) . 47 48 Being 'well prepared' for wildfire comprises two theoretically explicit aspects: physical preparation 49 (to provide structural protection from a wildfire threat) (Penman et al. 2013 ) and mental preparation 50 (that encompasses adequate planning and the development of a psychological capacity to respond) 51 . Post-fire studies have found that last-minute disagreements between family 52 members on what to do and where to go heightened emotional distress and anxiety, increased 53 exposure to danger, and in worst-case scenarios resulted in fatalities (Proudley 2008; Handmer et al. 54 2010; Haynes et al. 2010 ; Blanchi et al. 2014; Eriksen 2014a ). In the wake of the catastrophic 2009 55 'Black Saturday' wildfires in Victoria, Australia, research found that 'the extreme nature of the fires 56 power lines resulting in closure of potential escape routes, fires impacting on the property from an 66 unexpected direction, equipment failure and some or all residents being at home (Penman et al. 2013 ; 67 Whittaker et al. 2013) . Triggers for action must be included in the plan and may come from a range of 68 sources including visual cues (smoke or flames), or information received via television, social media 69 or radio. Most importantly any survival plan must identify pathways for exiting the property safely to 70 travel to a place of last resort (Tibbits and Whittaker 2007) . 71
72
Australian fire management agency advice to residents emphasises the need to prepare appropriately 73 regardless of their planned actions on the day of the fire. The Australasian Fire and Emergency 74 Services Authorities Council's (AFAC) position statement on 'Bushfires and Community Safety' 75 argues that the safety of residents can be improved if they prepare a bushfire survival plan and 76 strongly encourages fire management agencies to engage and communicate this to at-risk 77 communities (AFAC 2012). Responsibility for implementing these strategies lies with the various 78 state fire management agencies. While these agencies all broadly follow the recommendations within 79 the AFAC position statement and the 'Prepare. Act. Survive.' policy (which superseded the 'Prepare, 80
Stay and Defend or Leave Early' policy in 2010), there is no uniform approach to community 81 engagement and education regarding bushfire survival plans. 82
In this study we use a multiple methods approach to consider the application of bushfire survival 84 plans in southeast Australia. Firstly, we review the agency advice regarding bushfire survival plans to 85 determine the consistency, clarity and specificity of the advice. Specifically we test whether agencies 86 require a bushfire survival plan to be written, practised and discussed, as this is considered vital for a 87 household to be prepared (Penman et al. 2013 ). Secondly, we conduct an online survey of residents in 88 fire-prone communities in Australia to examine the relationships between the various types of plans 89 (written, mental or no plan) with the planned action on the day, gender and past experience with fire, 90 all of which have been proven to influence residents preparedness and may therefore influence the 91 type of plan they have ( March 31 in Australia, and public awareness of wildfire is generally heightened during this period due 104 to the increased media coverage and the sense of danger related to hot and dry weather conditions 105 and/or actual wildfires (Collins 2006 Whilst the number of documents and formats varied between each agency, they all had a key 119 household bushfire survival plan document, which provided advice and information about bushfire 120 preparation and planning, usually in a booklet format. This material, and associated documents such 121 as planning templates, were analysed and categorised according to whether they provided advice on a 122 written plan, practising of the plan and discussion of the plan with household members. 123
124
Online household survey 125 A total of 607 completed surveys were returned from across Australia. The majority of these came 140 from New South Wales (n=345), Tasmania (n=107) and South Australia (n=104). Considerably lower 141 numbers were received from the other states and territories, and the survey results presented in this 142
paper therefore explicitly focus on New South Wales, Tasmania and South Australia. 143
144
Traditional analytical approaches do not allow for correlated predictor variables, which cause multi-145 collinearity (Chatterjee et al. 2000) . Research in this area has focused on direct relationships with the 146 key drivers and preparedness (McGee and Russell 2003), without directly accounting for the 147 interrelatedness between the predictor variables. Bayesian Networks were selected as the primary 148 method for analysis as they allow for the relationships between all the predictor and response 149 variables to be explored. Arising from graph theory, Bayesian Networks are comprised of nodes and 150 arrows that form an influence diagram where nodes represent the variables and arrows the direction of 151 influence (Pearl 1986 ). Each node is a random variable represented by a conditional probability table, 152 which contain the joint probability distributions for the variables (Korb and Nicholson 2011) . Nodes 153 at the top of the model (i.e., root nodes) have a conditional probability table, which contains a single 154 probability value for each state in that node. Child nodes are variables influenced by one or more 155 variables and have a conditional probability table that represents the probability of a given state in the 156 child node given the states in the parent node(s). Probability distributions and hence uncertainties in 157 relationships are then propagated throughout the network. 158
159
Model structure and the conditional probability tables were learnt from the survey data using the PC 160 algorithm (Sprites et al. 1993) . The PC algorithm begins with a fully connected model and removes 161 arcs based on conditional independence (Korb and Nicholson 2011) , and has been demonstrated to 162 work well for small models (Dai et al. 1997) . By learning from the data, the algorithm results in a 163 model that best represents the data structure and directionality of the relationships. Variables included 164 in the analysis were based on prior research in this area (see introduction) and were State of residency, 165 gender, perceived level of risk from wildfire, type of direct personal wildfire experience, respondentsplanned action in case of a wildfire, planned action of other household members in case of a wildfire, 167 type of property, distance from vegetation, the self-assessed level of preparation, and type of survival 168 plan. Bayesian Network analyses were conducted using the GeNie v. 
196

Results
197
Fire management agency advice 198
Seventeen documents were reviewed across the five Australian state and territory fire management 199 agencies, including web pages, and downloadable PDF fact sheets, booklets and survival plans (Table  200 2). All agencies provide planning templates for residents to create both a plan for leaving early and 201 staying and defending, thus emphasising the importance of having a back-up plan. There are 202 differences in the degree of emphasis and explanation provided by each agency with regards to the 203 importance of the written, discussed and practised aspects of survival plans ( p.2 'Prepare and practise your Bushfire Survival Plan well before the fire season' p.3 'Written and practised bushfire survival plan' p.5 'Fire Danger Ratings: Prepare, know and practise a plan for: a) How you will respond to the FDR, b) How you will respond to an emergency warning for a bushfire, c) How you will respond to a bushfire given no warning, d) How you will communicate information, e) Who will be in charge.' p.11 'Spring: Review, update and practise your Bushfire Survival Plan. Summer: Prepare and practise your Bushfire Survival Plan well before the fire season.' p.13 'A good Plan: a) is prepared well before the Fire Danger Season, b) is written down so that the details are to hand when you need them, c) has been practised, so you know how it will go on the day, d) is created with the whole family and covers everyone, including the young and elderly. It includes what to do: 1) before the Fire Danger Season, 2) on a Total Fire Ban day, 3) during a bushfire, 4) after a bushfire, and 5) can adapt to unforseen circumstances. p.19 Lack of planning: Fires can be very frightening and may make it hard to think clearly or make good decisions. Sometimes people find out too late they don't have essential resources to enact their plans. It is vital that you have a written and practised Bushfire Survival Plan.' p.22 'It is as important to have a written and practised plan if you decide to leave as it is if you decide to stay.' p.29 'Once the plan is completed, it is important that you practise and review the plan regularly. This will mean that if you need to activate the plan in a real bushfire, you will have already gone through the thought processes and be able to respond appropriately. p.12 'Not everyone thinks clearly in an emergency. A written, and preferably well-practised plan, will help you remember what needs to be done during a crisis.' p.15 'Why write down your plan? Would you remember a plan that's just in your head if you're surrounded by smoke, heat and flames? A written plan will take the pressure off you, and avoid arguments and delays. In Victoria the bushfire season is long, and a written plan will help reduce uncertainty and anxiety. Having a written plan will reduce the stress and disruption to your family routine on every occasion you need to leave early -even if there is no fire. REMEMBER: Any bushfire plan -written or not -is better than no plan.' p.15 'Practise packing your car so you know how long it will take.' p.18 'Depending on the conditions, you will need to move quickly and efficiently if a fire starts near you. Make sure you include the 'Getting ready to go' steps in your plan. Make a point of practicing them so you know how long each step will take. Doing all of these things could take hours.' p.68 'Not everyone thinks clearly in an emergency. Write your plan down and discuss it with all family members, and make sure everyone knows which responsibilities are allocated to them. Everyone should be aware that staying to defend involves a high risk of psychological trauma, injury or possibly death.' p.75 'The best way to prepare yourself mentally is to have a written and practised plan that everyone in your household understands and has agreed to. ' 
213
Online household survey 214
Analysing the survey data by type of survival plan (written, mental, no plan) reveals a significant 215 difference between the three states of New South Wales, South Australia and Tasmania (Table 3) When survival plans are examined by degree of detail (Table 4) , the South Australian respondents 224 again have more detailed plans: 16% of respondents have a written plan that has been both discussed 225 and practised with other household members, with a further 8% who have a written plan that has been 226 discussed but not practised, and 2% who have a written plan that has been neither discussed nor 227 practised. The most common response for all three states is for mental survival plans that have been 228 discussed but not practised with others. 229 230 Bayesian Network analysis of the survey data found that the type of plan a resident has is influenced 233 by the property type, the perceived level of risk from fire to the property and the self-assessed level of 234 preparedness (Figure 1 ). Other variables tested such as distance from vegetation and insurance type 235 were found to be unrelated to any node in the model and are not discussed further. Rural properties 236 were more likely to have a mental or written plan compared to both the interface properties and urban 237 properties. Urban properties had 41% of respondents without any plan and only 6% with a written 238 plan (Figure 2a ). The majority of residents who considered themselves not to be at risk from fire 239 South Australia and Tasmania. Of these, seven had experience of leaving early/evacuating their 315 property due to the threat of wildfire and 24 had direct personal experience of staying and defending 316 their property. Nine had a written plan (all of which had been discussed with other household 317 members, and seven had also been practiced), 12 had a mental plan (ten of which had been discussed 318 with other household members but only three had also been practiced), and one participant had no 319 plan. Five participants planned to leave early in the event of a future wildfire threat (for three this was 320 also the plan for other household members), one planned to wait and see (which was also the plan for 321 the rest of their household), and 16 planned to stay and defend (for 12 this was also the plan for other 322 household members). This group provides a range of experiences to examine the practical application 323 of survival plans during wildfires. These experiences are illustrated with interview quotes that are 324 representative of the key themes highlighted in the qualitative data analysis with regards to how asurvival plan (or the lack thereof) effects how residents react to trigger points, make decisions, and 326 cope with the threat. 327 328 Overall, the interview participants showed a high level of awareness of detailed weather 329 characteristics on days of high fire danger; characteristics that often formed 'trigger points' for 330 decisions made during high fire danger days and bushfires, and, for some participants, in pre-331 determined survival plans. In addition, health concerns, visible cues, embers, and fire behaviour 332 knowledge were also discussed by respondents as possible trigger points in decision-making: 333 That a discussed and practised written plan better enables resident to cope when things do not go to 453 plan is evidenced in the following quote from a couple who stayed and defended when their house 454 was in the direct line of attack of a fire front. While success was pinned to the interdependence of the 455 planned actions of all household members, the fact that they had discussed, agreed and practised their 456 plan, meant they did not panic -individually or as a family -when, pressed for time and with embers 457 raining down on them, the family was temporarily separated in order to move their valuable musical 458 instruments to a safer place. 459
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[MP] We sent our [musical] 
Adequacy of agency advice 499
The results of the review of official agency advice reveal a variety of material that relays information 500 Despite all agencies providing planning templates for residents to create both a plan for leaving early 531
and staying and defending, we found differences in the degree of emphasis and explanation provided 532 by each agency with regards to the importance of the written, discussed and practised aspects of 533 survival plans. The greater degree of detailed explanation provided in the South Australian Your 534
Guide to Bushfire Safety: Prepare. Act. Survive., and the significantly higher numbers of written, 535 discussed and practised survival plans in the South Australian survey sample, suggest that attention to 536 detail in the community engagement efforts of wildfire management authorities may be paying off in 537 terms of residents' developing thorough survival plans. However, we did not demonstrate a causal 538 link that can verify this result. 539 540
Drivers of preparation of survival plans 541
There was consistency between the factors predicting preparedness and if a resident had a survival 542 plan, and if so, whether that was a mental or written plan. The interrelatedness of the variables 543 examined through the Bayesian Network framework allowed for a more complete understanding of 544 the system. Planned actions for future fires are influenced by past experiences, but planned actions 545 also influence the extent of preparation and hence the probability of having a mental or written plan. 546
Similarly, past experiences shape perceptions of risk from fire and hence the probability of having a 547 mental or written plan. 548
People who planned to stay and defend were more likely to have a written plan, a commendable result 550 of fire management agencies' efforts. However, survival plans are also relevant to residents who are 551 planning to leave. The semi-structured interviews demonstrated this. Residents who do wish to leave 552 early often do not create survival plans or prepare their property believing they will be adequately 553 protected by emergency services, disaster funding or insurance ( electing to stay and defend their property having done so in the past. However, the majority of the 567 residents had not experienced fire at their own or their neighbouring property highlighting the need 568 for appropriate contextual and localised information from fire management agencies. 569 570
Survival plans in action 571
Regardless of awareness levels or perceptions of the immediate risk at hand, a written, practised and 572 discussed plan can mean the difference between life and death (Eriksen 2014 ). This was supported by 573 the results of the semi-structured interviews with people surviving direct wildfire attacks. However, it 574
is not always the plan per se that makes the difference. Rather, it is the additional benefits of the 575 cognitive processes that are stimulated by the proactive behaviour of acquiring knowledge about 576 safety issues, and the characteristics and (often unpredictable) behaviour of an approaching wildfire.
The knowledge gained through such proactive behaviour can enable individuals to think and act in a 578 more informed and safe way even when things do not go to plan -a common scenario in wildfires. 579
580
The mental action that is exercised while thinking, writing, planning, discussing and practicing what 581
to expect, what to do and how to do it increases resilience, as contextual knowledge is stored that can 582 be retrieved and applied in different situations ). Our results demonstrate that 583 while not bullet proof, these cognitive processes can aid people's ability to suppress fear and panic 584 and instead think and act more safely and decisively. Having a plan that has been written down, 585 practised and discussed furthermore aids memory and decision-making when heat, smoke, noise, 586 wind, embers or flames trigger adrenaline, fear and panic. 587 who found this was not always the case). However, our research indicates that inadequacies and/or 600 inconsistencies in individuals' and families' survival plans play a significant factor in overall coping 601 capacity. 602
Conclusion 606
Wildfire survival plans are a valuable tool for residents living in fire-prone landscapes. Our work 607
showed that survival plans need to account for actions of all household members, multiple 608 contingencies and should consider both leaving and staying at the property. The value increases 609 through the processes of writing, discussing and practicing the plan. Without these steps, decision-610 making may become impaired due to the impact of uncertainty, fear and adrenaline on cognitive 611 function with potentially fatal consequences. All fire agencies considered in our study provide a great 612 deal of clear and concise information around survival plans despite some variation between states. 613 Preparation of survival plans was found to be limited by the same range of factors that limit the extent 614 of overall preparedness for wildfires. Fire management agencies need to continue, and potentially 615 increase, active engagement with communities to contextualise the fire risk and develop appropriate 616 strategies to include in individual survival plans. This will ensure the greatest chance of survival for 617 residents in fire-prone landscapes. ...... Planned response to fire
